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Abstract 
The concept of evolution trends comes from the idea that all technical systems follow the same patterns of evolution, thus making 
it possible to anticipate the technological jumps enabling an inventive problem to be solved. The problem nowadays is that 
evolution horizons have turned to the need for more ecological products. Hence, the question to be answered is that of how 
evolution lines are affected by this objective change. In order to analyse this question, the authors selected the LiDS-wheel tool, 
which was developed for classifying and managing the different strategies that can be used in eco-design. The aim of the present 
work is to compare the evolution trends of TRIZ with the eco-design strategies presented by LiDS in order to analyse the effects 
on the environmental parameters when the evolution trends advance in a design. The paper discusses the usefulness of the current 
evolution lines used for eco-design. 
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1. Introduction 
Innovation and creativity have been in the industrial spotlight over the last few decades and the questions to be 
answered are always the same: Where to innovate towards? What to innovate? How to innovate? As a result, a huge 
number of methodologies and tools have been developed with the aim of finding innovative solutions and new fields 
of business, examples being brainstorming [1], benchmarking [2], Delphi [3], 6 sigma [4], check-lists [5], and 
others. TRIZ, the Theory of Inventive Problem Solving developed by Altshuller [6, 7], is a remarkable instrument, 
and its specific evolution trends tool is one of the best for answering the question of “where to innovate towards”. 
There is a certain amount of disagreement among some researchers when it comes to providing an exact definition 
of these evolution lines [8-10], since the original eight lines of evolution have been extended and dissected in a 
number of ways by both consultants and software providers [11]. In this work the authors use the Mann’s raise [10], 
who postulates that there are 31 evolution lines that can be used to anticipate the technological jumps that are 
capable of solving an inventive problem. 
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The problem nowadays is that evolution horizons have developed towards the need for more ecological products, 
and so customers and designers have turned to design for environment or eco-design trends. This tendency began in 
1971 with several ecology-sensitive authors like Victor Papanek [12], who called designers to play an active role in 
ecological and social design. But the real flourishing of eco-design occurred in the 1990s, which led to the 
appearance of several regulations and manuals, like those developed by the UNEP (United Nations Environmental 
Programme) [13]. 
The present paper attempts to analyse how evolution lines are affected by this objective change. For this purpose, 
the authors selected the LiDS wheel tool [13], based on the work by the UNEP. LiDS is a tool that gives the 
designer an overview of the potential for environmental improvement through eight environmental improvement 
strategies that comprise the entire life cycle of a product. 
On the other hand, LiDs presents a very subjective aspect in that its analyses are inherently qualitative and based 
on an arbitrarily defined system of evaluation; that is to say, it has no predefined steps within its improvement 
strategies so that a value can be set for each strategy. In this case, the defined stages of TRIZ evolution lines could 
also solve the problem of the lack of qualitativeness of LiDS, and so this method could be used to determine the 
environmental impact of a product.  
The reason for using Mann’s proposal of 31 evolution lines instead of the original theory of Alsthuller of 8 lines 
is the need of have a broad set of terms in order to achieve a better breakdown link with the LiDS’ ecological terms. 
2. Materials and methods 
2.1. The laws of evolution 
Evolution trends is one of the most widely known postulations of TRIZ, the Theory of Inventive Problem Solving 
developed by Altshuller and his colleagues from the analysis of hundreds of thousands of patents since 1946. The 
main premise of TRIZ is that there is a set of universal inventive principles that are the basis for the innovative 
creations that make technology advance, and those principles can be identified and classified in order to make the 
inventive process more predictable. Since those days, over two million patents have been analysed and classified in 
order to determine their innovative principles [10, 14], which are consequently used in the elaboration of a set of 
tools for guiding the process of idea generation and innovative solution search in order to solve problems. 
Evolution trends, also known as evolution laws of technical systems, stem from the idea that all technical systems 
follow the same evolution patterns, despite belonging to different fields. Evolution trends show how products or 
processes evolve over time. Each of the evolution trends presents different steps and each step creates certain 
benefits for the final customer. So these trends can anticipate the future directions in which a particular device will 
evolve, and allow scientists to focus their efforts on the proper field. According to Mann [10] there are 31 evolution 
lines that can be used to predict the technological jumps that are capable of solving an inventive problem. 
This TRIZ tool can be used in different ways. One of them is the analysis of the evolutionary potential. In order 
to analyse the potential of evolution of a device, the user must assign a value to each evolution trend that affects the 
device according to how evolved it is in this aspect. With all the values assigned, a radar plot can be created [10, 
15], so the evolution situation and the evolution limits can be appreciated at one look (Figure 1). 
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Figure 1: Evolutionary potential radar plot. 
 
The software tool Creax Innovation Suite is one of the different TRIZ-based software applications that can be 
found on the market. Inside this software, the tool used for evaluating the evolutionary potential is based on the 
evolution lines proposed by Mann. Here, these 31 lines are presented as separate steps that are useful for quantifying 
the level of evolution of each parameter of the device under analysis. In the example in Figure 2, the space 
segmentation trend can be seen as it is shown in the above-mentioned software application. The image shows the 
five steps considered in this line of development from less evolved segmentation (completely solid) to the maximum 
segmentation achievable (pores with the addition of active elements), so if we want to qualify the level of evolution 




Figure 2: Space segmentation trend. 
 
2.2. LiDS-wheel 
Eco-design stems from the idea developed in the early 1970s which postulated, in general lines, that the current 
tendency of the global world is leading towards an unavoidable collapse, and that it will probably happen in less 
than a century [16]. This collapse would be mainly caused by the depletion of natural resources, and designers must 
play an important active role in avoiding this effect through ecological and social design. 
The 1980s was dedicated more to theorising about and discussing the concepts of sustainable development and 
low-impact design. But it was in the 1990s when eco-design started to gain strong support from society, with the 
elaboration of several regulations and manuals by institutes, governments and researchers all over the world. One of 
the most important of those manuals is the one published by the UNEP (United Nations Environmental Programme) 
in 1997, based on the Dutch manual “Promise” [17], which was revised and extended by international experts. These 
experts propose an eco-design methodology consisting of seven steps: 1. Eco-design project organisation; 2. Product 
selection; 3. Eco-design strategy establishment; 4. Idea generation and selection; 5. Concept detail; 6. 
Communication and product launching; and 7. Establishment of tracking activities. The manual is complemented 
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with specific modules about certain tools needed to perform eco-design, such as design strategies, life cycle 
assessment methods, eco-labels, and so on. One of these modules presents the LiDS wheel. 
The LiDS wheel is a tool for eco-design that suggests a way of classifying the different strategies used in the field 
of eco-design into eight main blocks. This tool was originally created to evaluate the relative environmental impact 
of two different products. The normal use of this tool is to evaluate a new product by using the old design as a kind 
of benchmark. 
Despite the fact that LiDS provides a basic framework that can be used to review the entire life cycle of a 
product, it is not a method that can be used to determine the actual environmental impact of a product because LiDS 
wheel analyses are inherently qualitative and are based on an arbitrarily defined system of evaluation. 
When using this tool, the eight LiDS parameters are represented in a radar plot (Figure 3), like the evolutionary 
potential tool, but in this case instead of showing the state of evolution in terms of novelty of the device, the results 
refer to its evolution in terms of ecology parameters. This is one of the main reasons for choosing this tool for 
comparison with that of TRIZ. 
The other main reason is because the eight main parameters can be broken down into several sub-parameters. 
This forms a taxonomical organisation of ecological terms, and this increase in the number of terms makes it 
possible to perform a deeper comparison of the relationship between the LiDS wheel and evolution trend terms. The 




Figure 3: LiDS wheel. 
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Less production waste 








impact during use 
Lower energy consumption 
Cleaner energy source 




Reliability and durability 
Easier maintenance and repair 
Modular product structure 
Classic design 
Strong product-user relation 
Optimisation of 
end-of-life 
Reuse of product 
Remanufacturing/refurbishing 





Shared use of the product 
Integration of functions 
Functional optimisation 
 
Table 1: LiDS taxonomy. 
 
2.3. Applied methodology 
In order to compare the relations between each TRIZ evolution trend and each LiDS taxon, the authors built a 
31 x 32 matrix, the former corresponding to the evolution trends and the latter to LiDS. The cells in the matrix that 
cross represent the interaction, if any, between the corresponding evolution line (in rows) and the LiDS taxon (in 
columns). 
The kinds of relations were set, as “positive effect” (+), “strong positive effect” (++), “negative effect” (-), and 
“strong negative effect” (--). Furthermore, as this assignment is performed according to the way the authors interpret 
both TRIZ and LiDS concepts, relations must be differentiated into two groups: the ones in which the assigned 
relation is obvious (marked in black), and the ones in which this relation is only possible, but not clearly possible 
(marked in red). The terminology for this relation is summarised in Table 2. 
 
 Obvious Possible 
Strongly positive ++ ++ 
Positive + + 
No relation   
Negative - - 
Strongly negative -- -- 
 
Table 2: Terminology of relations. 
3. Results 
Tables 3 and 4 show a summary of the full matrix comparing evolution trends with LiDS terms. Here, several of 
the different chances announced in last point can be seen. For example, it seems clear that the trend line object 
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segmentation is directly and strongly related with both reductions in the materials taxa, that is, reduction in weight 
and reduction in volume, since the reduction of the scale is achieved by reducing the volume and, consequently, the 
weight. Furthermore, it seems logical that the smaller the manufactured product is, the smaller the amount of waste 
generated in production will be. And it is probable, but not sure, that the production of a smaller object requires 
lower energy consumption, since a smaller amount of material needs less energy to be processed. On the other hand, 
however, when moving to a nano-scale, the energy needed to work at this scale is increased due to the difficulty 
involved in manipulating and producing its tiny parts. 
The same table also shows other relations that work against each other, that is, developing the product in a 
defined evolution trend causes LiDS ecological parameters to worsen. This is the case of the increasing asymmetry 
of the trend line when compared with the LiDS parameter “fewer production steps”. It is assumed that in order to 
achieve the desired level of asymmetry of a product, it is necessary to increase the number of production steps 
(Figure 4). A similar thing happens when the trend is to increase the use of colour. In this case it is quite probable 
that in order to fix a colour (or several colours) into the product, a new process will be required. But the addition of 
a new colour could also be achieved by mixing materials or changing them for others with a different colour. Thus, 





Figure 4: Increasing asymmetry trend. 
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coordination 
Action 
coordination -    +   
Energy 
transmission + +  + ++   
Controllability -  +  +   
Decreasing 
human 
involvement     -   
Boundary 
breakdown   + +  +  
Mono-bi-poly: 
Similar objects - -      
Mono-bi-poly: 
Various objects - -  -    
Mono-Bi-Poly-
Increasing 
Differences    -    
Reducing 
system 
complexity ++ ++ + ++  +  
Increasing 
asymmetry + +  - - -  
Increasing use 
of colour    -   - 
Increasing use 
of senses        
Smart materials  + + -    
Degrees of 
freedom        
Reduced 
damping        
Design point        
Design 
methodology   + +  +  
Customer 
purchase focus        
Market 
evolution      - - 
Decreasing 
density ++     +  
Non-linearity     +   
Webs and fibres +   +  +  
 
(1)Relation is not lineal 
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 End-of-life New concept development 
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constructions        + 
Dynamisation   +      ++ 
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coordination        ++ 
Action 
coordination       + ++ 
Energy 
transmission     +    
Controllability        ++ 
Decreasing 
human 
involvement        + 
Boundary 
breakdown  + ++  + + ++  
Mono-bi-poly: 
Similar objects + + +  -   ++ 
Mono-bi-poly: 
Various objects  - -  - ++ +  
Mono-Bi-Poly-
Increasing 
Differences     - ++ ++  
Reducing 
system 
complexity + + + + ++  +  
Increasing 
asymmetry  -   +   + 
Increasing use of 
colour    -    + 
Increasing use of 
senses     - + + + 
Smart materials        + 
Vicente Chulvi and Rosario Vidal / Procedia Engineering 9 (2011) 135–144 143
Degrees of 
freedom        + 
Reduced 
damping        + 
Design point               ++ 
Design 
methodology         ++ 
Customer 
purchase focus      + + + + 
Market 
evolution     - - + + + 
Decreasing 
density     + ++   + 
Non-linearity         ++ 
Webs and fibres   - -  +   + 
 
Table 4: Correspondence between terms of evolution trends and LiDS (2). 
 
4. Conclusions and discussion 
In this paper TRIZ evolution trends and the eco-design tool LiDS wheel have been compared. The correlations 
achieved have shown, first of all, that in several cases the improvement in terms of TRIZ evolution causes the 
ecological demands to improve too, but in other cases they make the ecological aspects worsen. In this way it can be 
appreciated that there are some trend lines that may always improve the ecological evolution, like macro to nano 
scale, energy transmission or reducing system complexity, while others have a negative effect on most of the LiDS 
aspects they are related to. 
Thus, in accordance with these results the authors suggest using the present conclusions and the analysis of recent 
patents to create a set of eco-evolution trends that allow the environmental properties of products to be improved. 
Those evolution lines that have been shown to interact in a positive way with the ecological parameters can be used 
without any changes, but those that have presented negative interactions must be revised or replaced by others that 
reflect the reality of current eco-design tendencies. 
For example we can see the case of patent ES 2095199, which deals with an ecological polyolefin plastic that 
uses a porous structure to decrease the amount of material by reducing the density. In this case the evolution line of 
decreasing density can also be used. On the other hand, the case of patent WO/2003/096946 shows a design for 
biodegradable nappy pants whose ecological properties do not fit any evolution line. This “new” eco-evolution line 
could be increasing biodegradability or the use of environmental-friendly materials. Moreover, in the patent it can 
also be seen that the biodegradable part is separated from the non-biodegradable one, so it works against the current 
evolution line of boundary breakdown. More research is needed in order to clarify this point. 
The other objective of the present paper was to search for a quantitative measure of eco-design parameters. In this 
case the study has shown that LiDS taxa can be related to evolution trend lines, which are defined in several steps, 
so they are quantifiable. Thus, in this case, a mathematical algorithm can be set for each LiDS parameter relating it 
with the corresponding evolution trends that affect it and the way in that this relation is achieved. This mathematical 







144  Vicente Chulvi and Rosario Vidal / Procedia Engineering 9 (2011) 135–144
References  
[1] Osborn A., "Applied imagination: principles and procedures of creative thinking" Charles Scribner's Sons, 
New York, 1953. 
[2] Camp R.C., "Benchmarking: The Search for Industry Best Practices that Lead to Superior Performance" 
American Society for Quality, Milwaukee (USA), 1989. 
[3] Dalkey N.C., "Delphi" The Rand Corporation, Santa Monica, California, 1967. 
[4] Kwak Y.H. and Anbari F.T., "Benefits, obstacles, and future of six sigma approach", Technovation, Vol.5-
6, 2006, pp. 708-715. 
[5] Thompson G. and Lordan M., "A review of creativity principles applied to engineering design", 
Proceedings of Proceedings of the I MECH E Part E Journal of Process Mechanical Engineering, 1999. pp. 
17-31  
[6] The Theory of the Solution of Inventive Problems" Gordon and Breach Science Publishers, Luxembourg, 
1984. 
[7] Altshuller G., "Introducción a la innovación sistemática: TRIZ" Internet Global S.L., 1997. 
[8] Nakagawa T. "Software tools for TRIZ. Mechanism, usage, and methodology learning. Invention 
Machine's TechOptimizer Pro Version 2.5". Fujitsu Laboratories, Osaka, 1998. 
[9] Hipple J. and Reeves M. "The use of TRIZ to increase the value of intellectual property". Licensing 
Executive Society, Atlanta, GA, 2007. 
[10] Mann D., "Better technology forecasting using systematic innovation methods", TF Highlights from ISF 
2002, Vol. 8, 2003, pp. 779-795. 
[11] Hipple J., "The Integration of TRIZ with Other Ideation Tools and Processes as well as with Psychological 
Assessment Tools", Creativity and Innovation a Management, Vol.1, 2005, pp. 22-33. 
[12] Papanek V., "Design for the Real World: Human Ecology and Social Change" Pantheon Books, New York, 
1971. 
[13] Brezet H. and Hemel C.v., "Ecodesign. A promising approach to sustainable production and consumption" 
France, 1997. 
[14] Domb E, Dettmer HW. B”reakthrough innovation in conflict resolution. Marrying triz and the thinking 
process”. The Triz Journal, March 1999. 
[15] Cavallucci D, Weill RD. “Integrating Altshuller's development laws for technical systems into the design 
process”. Annals of the CIRP, Vol 50, 2001, pp.115-20. 
[16] Meadows D., "Los Limites del Crecimiento" México, 1972. 
[17] Brezet J.C., Horst T.v.d., Riele H.R.M., Duijf G.A.P., Haffmans S.P., Böttcher H.E., Hoo S.C., Zweers A. 
and Verkooyen H., "PROMISE Handleiding voor Milieugerichte Produkt Ontwikkeling (PROMISE 
Manual for ecodesign)" SdU Uitgeverij, Den Houg, Netherlands, 1994. 
